Neurocytoma is a rare tumor of central nervous system (CNS). The present study is an analysis of benefits and risks of radiotherapy (RT) after surgery.
Introduction
Neurocytoma was first described by Hassoun et al. [1] in 1982. It is a rare brain tumor characterized by typical ultrastructural neuronal differentiation and immunohistochemical profile. Neurocytoma comprises approximately 1% of all brain tumors. It is most often seen in young adults, with obvious peaks in second and third decades of life. [2] [3] [4] [5] Neurocytoma is described as a benign grade II tumor by World Health Organization (WHO). It is typically located deep midline or even in supratentorial region, as well as in septum pellicidum, fornices, or lateral ventricles. [2, 3, 5, 6 ] Symptoms due to increased intracranial pressure and obstructive hydrocephalus are generally present. Symptoms such as headache, nausea, vomiting, and visual disturbances are seen in the last few months. [2, 3, 5, 7] Neurocytoma is differentiated into 2 main subgroups: Typical neurocytomas account for 75% (benign lesion with high grade cellular differentiation and low mitotic activity), and atypical neurocytomas make Overall survival was calculated using Kaplan-Meier test. For 5 patients, the period between surgery and death was used, while for the last patient, who was stereotactically biopsied, the period between biopsy and death was used.
Results
There were 2 (33.3%) female patients and 4 (66.7%) male patients with a median age of 40 years (range: 23-44 years). Among the 4 (66.7%) patients with central (ventricular) neurocytoma, 2 (33.3%) were located in the third ventricle, 1 in the fourth ventricle, and 1 in the left lateral ventricle. In 2 (33.3%) patients with extraventricular neurocytoma, 1 tumor was located in corpus callosum and the other was in right frontal lobe (Table 1) . One patient was diagnosed with hydrocephalus at admission, but shunt procedure was not required. The most common symptoms at admission were headache (50%) and nausea/vomiting (50%). The remaining symptoms were loss of consciousness, weakness of lower extremities, generalized seizure, and loss of balance. Median duration of symptoms was 4 weeks (range: 0-3 weeks). Preoperative median KPS was 95 (40-100). All of the patients were scanned with magnetic resonance imaging (MRI) pre-and postoperatively. While 5 patients had undergone surgical resection, 1 patient with an extraventricular neurocytoma located in corpus callosum was biopsied using only stereotactic technique. Median maximum tumor size was 3cm (range: 2.4-4 cm). STR was applied to 4 (80%) of the 5 patients, and the remaining patient (20%) received GTR. Residual tumor size was 1 cm.
Immunohistopathological evaluation of tumors revealed 6 (100%) synaptophysin-positive stained tumors, and 3 (50%) tumors positive in places for glial fibrillary acidic protein (GFAP). For differential diagnosis of ependymoma in 2 (33.3%) of the patients, epiup 25%. [2, 5, 8] Atypical neurocytoma is characterized by MIB-1 labeling index >2-3%, necrosis, increased mitotic activity, and vascular proliferation. [4, 9] Neurocytoma shares some histopathological similarities with oligodendroglioma and ependimoma, which has historically resulted in diagnostic errors. [4, 10] Definitive diagnosis is sine qua non because prognosis for neurocytoma is generally good and total surgical resection is almost always curative. Nevertheless, atypical histological features or centrally located atypical neurocytomas with high-grade mitotic activity are associated with high recurrence rates and unfavorable prognosis. [11, 12] Whereas typical features of extraventricular neurocytomas are similar, they have obviously worse prognosis that requires adjuvant therapies. [13, 14] Primary treatment of neurocytoma is total surgical excision if possible. Radiotherapy (RT) is used to prevent recurrence or for salvage therapy. [15, 16] Several studies have shown that there is no need for RT after total resection of neurocytoma. [11, 17] This study evaluated a small series of neurocytoma patients who received RT in the last 27 years due to residual tumor, inoperability of the tumor or atypical neurocytoma features.
Materials and Methods
Retrospective evaluation of a series of 2186 patients (>18 years old) with central nervous system (CNS) tumor treated at Institute of Oncology, Istanbul University, between January 1987 and December 2014 revealed 6 patients diagnosed with neurocytoma. Data about patient age, sex, symptoms, duration of symptoms, Karnofsky Performance Status (KPS) at admission, tumor localization, tumor size, surgical resection type (biopsy, subtotal resection [STR], gross total resection [GTR]), histopathological examination details, RT dosage, irradiation technique, recurrent disease, progression of disease, and final status of the patient were retrospectively analyzed. Patient with atypical neurocytoma located in fourth ventricle underwent surgery 43 months after initial operation due to 4 cm-sized lesion in occipitotemporal area that was only a necrotic lesion following irradiation. Patient developed hydrocephalus 1 month after the last surgery, necessitating a ventriculoperitoneal shunt; however, general condition of the patient continued to deteriorate. Patient developed amnesia, walking and speech disturbances and died 6 months after secondary surgery despite 8 cures of bevacizumab (vascular endothelial growth factor [VEGF] monoclonal antibody; 7.5g/kg once every 2 weeks).
Three patients (2 with atypical central neurocytoma after surgical intervention and 1 with extraventricular neurocytoma without surgery) died. One patient with atypical neurocytoma was disease-free in the 15 th postoperative month but was subsequently lost to followup. Two patients were disease-free (1 patient with atypical extraventricular neurocytoma, and 1 with typical neurocytoma that was subtotally resected). In the present series, median follow-up was 51 months (range: 15-88 months) and the 5-year survival rate.
Discussion
Central neurocytoma was first described by Hassoun et al. [1] in 1982. An electron microscope was used to present detailed neural characteristics of 2 extraventricular tumors. The name central neurocytoma was given due to median location within ventricle and neural origin. Extraventricular neurocytoma is located periventricularly or parenchymally. [18] Extraventricular neurocytoma is generally associated with worse outcome than central neurocytoma. [19] Consequently, it is listed as a separate diagnosis in the last WHO clas- nificant difference between groups for 10-year survival rates. Group B had a slight tendency for survival benefit; however, it was not significant. [28] Based on these facts, RT dose of ≥54Gy is recommended following subtotal resection for neurocytoma. Only 1 patient of 6 in our series received postoperative RT of <54Gy. The tumor was located in fourth ventricle with MIB-1 labeling index of 30%. GTR was followed by external RT of 50Gy/25fr. Intraventricular recurrence was noted 29 months after surgery. Palliative efforts with stereotactic radiosurgery of 6 Gy x 5fr were unsuccessful and patient died 2 months after diagnosis of recurrence. Central neurocytoma patient in the present series with MIB-1 labeling index of <2% who underwent STR surgery was irradiated with a dose of 60 Gy/30fr and was still alive after 60 months without any signs of recurrence. Rades et al. [12] found that 3-and 5-year local control rates in patients with atypical central neurocytoma were 73% and 57% in total resection group (n=15), and 60% and 31% in STR group. In the present series, the local control rate was 75%.
Whereas different modalities such as linear accelerator-based radiosurgery and Gamma Knife radiosurgery are used in the treatment of neurocytoma, the majority of studies have focused on the potential offered by Gamma Knife surgery since it was first used by Schild et al. [29] Stereotactic radiosurgery (SRS) is accepted as an equal and even more effective alternative to conventional RT. [25] Rades and Schild [25] compared conventional RT and SRS in 121 patients and did not find any significant difference between STR+conventional RT and STR+SRS groups regarding 5-year local control or 5-year survival rates. Local control of neurocytoma is very important because of the possibility of intracerebral hemorrhage of recurrent typical neurocytoma, malignant degeneration, neurological deterioration, or craniospinal seeding of atypical neurocytoma. [30, 31] Atypical tumor features include necrosis, increased mitotic activity, vascular proliferation, or MIB-1 labeling index >3%. [8, 13] Several studies have revealed that MIB-1 labeling index >2% is associated with high recurrence rates. [32] [33] [34] [35] Kaur et al. showed that all of the neurocytoma patients with MIB-1 labeling index >4% had recurrence in their series. In the present study, 2 of the 3 patients with MIB-1 labeling index >4% died.
Serious side effects of radiotherapy in the treatment of neurocytoma, including mortality, have been previously reported. [36] Brain radionecrosis is radiation damage which may result in clinical and dramatic radiological alterations seen months or even years after irradiation. [37] The most common symptoms are psychosification of 2007. [19] [20] [21] Extraventricular neurocytoma is a very rare tumor and it is only presented as case report or in small series in the literature. There is very limited data about clinical findings, radiological features, management, or prognosis of extraventricular neurocytoma. The most common location is frontal lobe, followed by temporal lobe, parietal lobe, and occipital lobe, respectively. There is no standard optimum treatment strategy for extraventricular neurocytoma yet. Management of extraventricular neurocytoma is planned under guidance of studies dealing with central neurocytoma. [22] In a series of 49 patients, Xiong et al. compared central neurocytoma cases (n=35) with extraventricularly-located neurocytoma cases (n=14). [23] Their results indicated that central neurocytoma is associated with typical clinical manifestations and histopathological features, whereas extraventricular neurocytoma are associated with higher MIB-1 labeling index levels, higher rates of atypia, higher recurrence rates, shorter recurrence intervals, and worse malignant biological characteristics. In the present series of 6 patients, 1 of 2 extraventricular neurocytomas was inoperable and patient had survival of 42 months; the remaining patient underwent GTR and was still alive and disease-free after 88 months.
Despite low mitotic activity, neurocytoma is a radiosensitive tumor. RT is effective against residual tumor after surgery and helps improve local control after STR. [4, 16, 24, 25] Rades et al. demonstrated in their retrospective series of 358 patients that conventional RT improved local control, particularly after STR. [26] They compared groups of patients who underwent just GTR (n=118), GTR+postoperative RT (n=35), just STR (n=91), and STR+postoperative RT (n=114). The rate of atypical neurocytoma was between 3 and 14% in their series. The 10-year local control rates were 78.3% in GTR group, 92.3% in GTR+RT group, 37.7% in STR group, and 79.4% in STR+RT group. Similar findings were also published by Schild et al. [27] ; local control rate was found to be 100% for RT-added group, whereas it dropped to 50% in surgery-only group. The 5-year survival rates were not statistically significant in the two groups (88% vs 71%). Leenstra Median interval between completion of RT and initiation of bevacizumab (median 4 cures; median dose 7.5 mg/kg; median interval between cures 2 weeks) was 11 months and the median follow-up after bevacizumab therapy was 8 months. This study revealed significant radiological improvement following bevacizumab treatment and the authors recommended 4 cures of bevacizumab once every 2 weeks with a median dose of 7.5 mg/kg. In the present series, 1 patient developed radionecrosis approximately 3.5 years after completing RT. Surgical excision followed by bevacizumab treatment was performed; however, patient died 2 years after diagnosis of brain radionecrosis.
Conclusion
The primary treatment for neurocytoma is surgery. Neurocytoma is a grade II brain tumor and RT is not recommended after total resection. Nevertheless, STR of tumor, recurrent disease or atypical tumor features such as high MIB-1 labeling index even after total resection are accepted indicators for irradiation with >54 Gy doses. Recent data indicate that the oncologist should pay attention to age, tumor localization, resection type, and MIB-1 proliferation index in making treatment decisions for neurocytoma after surgery.
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